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Abstract 
Transformation induced plasticity (TRIP) steels, which were initially developed for automotive applications, have attracted a 
growing interest due to the fact that they exhibit a combination of high strength and ductility through their multi-phase 
microstructure that includes ferrite, bainite and retained austenite. This one transforms to martensite under the external tensile 
stress. The characterization of microstructure is necessary for understanding its relationship with steel properties. Electron Back 
Scatter Diffraction (EBSD) technique could be used successfully for determining the texture and fiber-texture components in 
body centered cubic (BCC) and face centered cubic (FCC) phases and try to establish the role of deformation in microstructure 
transformation. The main aim of the present work is to evaluate the changes in the microstructure and texture of TRIP sheet steel 
by EBSD technique due to the multiaxial stresses taking place during stamping operations. 
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1. Introduction 
In the automotive industry, the ever increasing need of enhancing the crash performance and the weight reduction 
to improve the fuel efficiency reducing the amount of gas emission for a better environmental preservation, requires 
the use of higher strength steels in forming operations without sacrificing the formability properties [1].  
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These efforts have led to rapidly raising demands for high-strength cold-rolled steel sheets with excellent 
formability. TRIP (Transformed Induced Plasticity) steels have excellent mechanical properties if they are compared 
with conventional steels [2]. The strain hardening is also greater and so, they have a good combination of strength 
and formability properties that may be justified from the multiphase structure of these steels [3-4]. The highlight 
characteristic of these steels is that they modify the microstructure with the deformation process since part of the 
austenite transforms to martensite [5]. 
The electron back scatter diffraction (EBSD) technique has wide application in the microstructural 
characterization of complex phase steels together with an accurate evaluation of the local crystallographic texture. 
Based on the interpretation of image quality (IQ) charts, which bear a direct correspondence to the Kikuchi band 
contrast.  Petrov et al. [6] were able to distinguish between bainite and ferrite which are crystallographically 
identical. They also traced the texture changes of the ferrite and bainite phases during the formation of the final 
structure. Zaefferer et al. [7] studied the correlation between the microstructure and the mechanical properties in a 
TRIP steel by means of TEM and EBSD. In this case EBSD allows data collection at very high resolution. They 
proved that in TRIP steels bainitic phase always appears in combination with a high orientation gradient in the 
surrounding ferrite matrix.  
Other authors [8] study the average ferrite grain size, ferrite grain size distribution and misorientation distribution 
function using EBSD. They shows that it is possible to measure experimentally the austenite texture in a medium 
carbon steel and to determine the relationship between the austenite phase and its transformation products.  
The main aim of the present work is to evaluate the changes in the microstructure and texture of different phases 
of TRIP steel sheet by EBSD technique due to the multiaxial stresses taking place during stamping operations. 
2. Experimental procedure 
2.1. Materials 
In this work, zinc-coated TRIP 800 steel sheet with a thickness of 2 mm was used. The chemical composition is 
shown in Table 1.  
      Table 1. Chemical composition of TRIP 800 steel (% weight) 
    C    Si       Mn           Al          Co          Cu         V        S 
0.19 1.70 1.60 0.002 0.004 0.027 0.004 0.003 
 
The mechanical properties and formability evaluated experimentally for the steel are given in Table 2. 
         Table 2 Mechanical and formability properties of TRIP 700 steel 
Rolling  
Direction 
  Yield Stress  
       (MPa) 
        UTS 
          (MPa) 
    Ultimate  
 elongation (%) 
     Normal     
     anisotropy R 
     Strain Hardening 
     Index n 
0º 596.32 848.55 38 1.05 0,27 
 
2.2. Description of the sheet drawing test 
It has been carried out a wedge die drawing test procedure that applies a tension-biaxial compression stresses 
system that produces a pure shear deformation to the material. This state is similar to that appearing in deep drawing 
processes [9]. The test was performed on an experimental device consists of a support to fix two semi-dies of an 
angle, α, of 15º each. One of the semi-dies takes a fixed position, while the other can slide perpendicularly to the 
drawing direction. The initial mobile semi-die position allows us to select the width of the strip after drawing. This 
device is described with more detail in [10] 
The samples for drawing were strips of different widths, b0, with values ranging from 12.5 and 18.0 mm. Strips 
were cut and thickness planes were grinding with a 220 grid paper to obtain a uniform surface finish in all the tests 
and a similar Ra-value to the die. The length of the drawn strip was 90 mm for all the tests. 
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To introduce the sheet strip into the die, it is necessary to form a neck in the strip with a similar wedge shape as 
the die. Instead of machining the neck, a forming operation was designed to avoid weak parts in the strip, which 
could easily break and would limit the maximum drawing deformation. 
Tests were carried out under lubrication conditions with Ferrocote 6130 mineral oil from Quaker Chemical. This 
lubricant is usually employed as a “prelube oil” for zinc-coated steel sheets, as an antirust protective oil, and also for 
providing lubrication during stamping. Oil viscosity was 26 cSt at 40ºC, which is in accordance with ASTM D445. 
The absolute strain-value, H , in the drawing process is evaluated by considering the change in sheet strip width 
before and after the test, b0 and bf, respectively,  as thickness remains almost constant, Eq. (1).  
                                                                                                                                                              
                                                                                       (1) 
 
2.3. Characterization tested samples by EBSD 
In order to determine the microtexture after deformation process and the amount of induced martensite, TRIP 
steel samples tested with different deformations were characterized by EBSD, Electron Back Scatter Diffraction 
technique. This test has been developed on a Jeol JSM-7200 Scanning Electron Microscopy with a detector HKL 
Technology. The samples were prepared on a parallel section to the main plane of the sheet with a dimension of 
50x50mm, extracted from the different deformed samples. One more sample from TRIP 800 steel in initial state was 
also considered as a reference. Samples were mechanical grinded and polished with diamond paste of 7, 3 and 1 µm. 
To remove the deformed surface layer, samples were finally polished with alumina and slightly attacked with Le 
Pera solution. The scanned areas of every sample were 250 x 190 µm2 and scan steps were of0.48 µm. It was 
considered the deformation direction as the "rolling direction" (RD) in the reference system SEM-EBSD. 
In order to get information about the effect of the strain, maps and histograms of misorientation were studied 
determining the distribution character of the grains boundaries and CSLs boundaries that is called coincidence 
lattices sites. For that, three different levels of misorientation were considered, from low-angle boundaries (3-150) to 
high angle (15-600). The distribution of coincidence site lattice, CSLs were studied too considering grains as regions 
completely surrounded by high angle boundaries. 
The Integrated Angular Misorientation Density (IMD), for different levels is calculated from equation (2), based 
on the minimum and maximum misorientations , φo and φmax, respectively, the number of pixels in the scanned area, 
N, and the corresponding number of misorientation at an angle φ expressed in radians. 
 
 
                                                                                                                                                                                (2)   
   
3. Results      
Fig. 1 and 2 show the microstructures, quality maps and phases maps of the samples tested. In them, it is observed 
that the samples with equivalent strain up the 0.294 present problems for phases identification. This problem is due 
to the low intensity of the Kikuchi diagrams obtained and the impossibility of being properly indexed. The 
percentage of unidentified area in the mapping is very high as it can be observed in Fig. 2 and Table 3, and therefore 
the information from these tests is inaccurate. 
                              Table 3. Composition of phases (%) 
Sample Austenite 
      (pink) 
    Ferrite 
      (yellow) 
   No identified  
      (black) 
TRIP 800, Hh: 0 11.5 57.4 31.1 
TRIP 800, Hh: 0.294 11.5 49.2 39.4 
TRIP 800, Hh: 0.478 15.0 30.1 55.5 
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Generally, the factors that reduce the quality of the maps obtained are substructures smaller than the resolution of 
the method, a high density of dislocations due to high strain, and sample preparation [2]. Particularly, the presence of 
strain-induced martensite, that has a nanometer size range, justifies the low mapping quality in the case of the steel 
tested [9]. The presence of small substructures, whose formation is directly related to the amount of deformation 
performed, also acts in the indicated direction. 
 
  
 
 
 
 
 
 
 
Fig. 1.  TRIP 800 steel in non-deformed state. (a) SEM micrograph; (b) quality map; (c) map of phases (austenite: pink, ferrite: yellow, 
unidentified phases: black) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. TRIP 800 formed steel; (a) εh: 0.294, SEM micrograph; (b) εh: 0.294, map quality; (c) εh: 0.294, phase map (austenite: pink, ferrite: 
yellow, unidentified phases: black); (d) εh: 0.478 SEM micrograph; (e) εh: 0.294, map quality; (f) εh: 0.478, phase map. 
 
Results show that for high strains the EBSD technique does not allow a quantitative phase analysis in TRIP800 
steel. However, it provides great information on the microstructural evolution and microtexture of the strained steel, 
based mainly on the analysis of the Orientation Distribution Functions, ODF, the majority ferritic phase, BCC and 
the austenitic phase, FCC. 
3.1. Analysis of the Orientation Distribution Functions  
For correlating the misorientations with the strain produced, the density of misorientation, IMD, has been 
calculated according to Eq. (2). Fig. 3 shows the relationship between this parameters and the strain for low angle 
and high angle misorientations. Although the number of points is not significant, it can be established that low angle 
misorientations, that is, IMD (3-150), Fig. 3(a) increases with the strain grade and this justifies that this parameter is 
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an indicator of intragranular strain mechanism in this material. In Figure 3(b) the IMD of high angle is shown, that 
remains constant for low strain and increases for large strain. 
  
 
 
 
 
 
 
 
 
 
 
Fig. 3. Variation of misorientation density, IMD, with strain; (a) IMD (3-150) of low angle; (b) IMD (15-620) of high angle. 
Fig. 4 shows the misorientation histograms of samples of TRIP 800 in the initial non-deformed state and TRIP 
800 after strains of 0,294 y 0,478, most of them exhibiting a relatively high density of low angle boundaries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Fig.4. Misorientation distribution histogram corresponding to samples with different deformations; (1a) εh:0, ferritic phase; (2a) εh 0,294, ferritic 
phase; (3a) εh 0,478, ferritic phase; (1b) εh 0, austenitic phase; (2b) εh 0,294, austenitic phase; (3b) εh 0,478, austenitic phase. 
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The low angle misorientations are typical of dislocations and strained substructures, related to intragranular 
deformation mechanisms. The high disorientation angle corresponding to the phenomena of grain boundary 
deformation. The misorientation around 60° are related to existing twins in austenite and therefore to the 
intragranular deformation. 
3.2. Coincidence Site Lattice Distribution  
The misorientation of grain boundaries has also been studied considering the model of the coincidence site lattice, 
CSLs, also called borders of special geometry and that are defined by the parameter 6 determined by Brandon [2]. 
The distribution of different CSLs obtained for each sample and phase is depicted in Figure 5, where show the 
major presence of CSLs 63, 613, 629 and 639 on the austenitic phase, Table 4. Boundaries 63 represent a very large 
fraction of high angle boundaries in both phases. These are described as a rotation of 60° about an axis <111>, that 
in the case of austenite corresponding with the twinning.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. CSLs distribution; (1a) εh 0, ferrite phase; (2a) εh 0,294, ferrite phase; (3a) εh 0,478, ferrite phase; (1b) εh 0, austenite phase; (2b) εh,294, 
austenite phase; (3b) εh 0,478, austenite phase.  
1a 
2a 
1b 
2b 
3a 3b 
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                Table 4. Content (%) of CSLs 63, 613, 629 and 639  
  Sample           Phase Σ3 Σ13 Σ29 Σ39 
TRIP 800, 
Hh: 0 
Ferrite   18,6 36,92 7,53 5,92 
Austenite    17,86 3,7 6,78 1,44 
TRIP 800, 
Hh: 0,294 
Ferrite 23.55 33.42 3.53 3.8 
Austenite 17.25 5.75 6.16 3.09 
TRIP 800, 
Hh: 0,478 
Ferrite 26.33 38.14 1.74 10.13 
Austenite 17.93 1.63 3.53 3.8 
 
According to the previous discussion it can be stated that the non-deformed material presents high energy special 
boundaries Σ13, Σ29 and Σ39. TRIP 800 steel presents a number of twins slightly, greater when it suffers a large 
deformation, than for rolling state. High numbered CLSs also remains, but Σ29 decreases significantly.  
3.3.  Microtexture analysis by Euler space diagrams 
Euler space diagrams were analyzed to determine the microtexture and fibers of the different samples. Section φ2 
with a value of 450 was pointed as reference. Study was carried out on the alpha iron phases, that is, ferrite, bainite 
and martensite, because they are the main phases and their content is large. Gamma phase texture, i.e. austenite, has 
not been studied due to its low presence in the microstructure. 
Figure 6 shows Euler diagrams corresponding to the ferritic phases for different strains. These diagrams must be 
interpreted by using a software analysis and they permit to identify the most relevant textures existing in the sample 
taking into account the Euler or Bunge angles.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Euler space diagrams; (a) TRIP 800 εh 0; (b) TRIP 800, εh 0.294; (c) TRIP 800, εh 0.478. 
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The sample in initial conditions shows the main texture is normal direction of the sheet. Other component of the 
texture is positioned between systems {110} <110>, defined as Goss component, and {110} <112>, or Brass 
component. Finally, there are other minority texture components belonging to the {110} <011> system or Goss 
component and {110} <121> system or Brass component. These textures are defined as fiber γ or fiber ND. 
After strain, samples show an important change in the BCC phases from fiber-γ to cube texture {001} <110> 
remaining a soft Goss texture {111} <011>. For greater drawing ratio appears a full cube texture {001} <110>, 
{001} <110>, {110} <110>, {110} <001>. 
4. Conclusions   
EBSD technique does not allows us to obtain an accurate determination of volume fraction of the individual 
constituents of TRIP800 steel after being deformed..  This is due to the formation of substructures of smaller size 
than the resolution of the method. However, this technique has allowed us to measure the low and high angle 
misorientations density belonging to the different phases existing in the steel. These data have been correlated with 
the strain grade. 
BCC phase accumulates the main part of the deformation, causing a pronounced texture change. For greater 
strains a full cube texture appears. 
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